, after 30 min in both groups. Recovery of the EEG, however, was clearly different in the 2 groups. EEG-activity reappeared later in the hyperglycemic group and showed after one hour a pattern of burst-suppression activity while the normoglycemic group showed asynchronous activity resembling the control pattern.
, after 30 min in both groups. Recovery of the EEG, however, was clearly different in the 2 groups. EEG-activity reappeared later in the hyperglycemic group and showed after one hour a pattern of burst-suppression activity while the normoglycemic group showed asynchronous activity resembling the control pattern.
It is concluded that high glucose content in brain prior to ischemia -and hence lower brain pH during ischemia -does not interfere with the return of normal extracellular ion composition after cerebral ischemia, whereas the return and pattern of EEG activity is severely affected.
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IT HAS BEEN SHOWN that glucose administration prior to cerebral ischemia seriously aggravates the clinical outcome of rats." Also, the return of EEG activity after ischemia in hyperglycemic rats is significantly delayed. The reason for the detrimental effect of the high glucose level in blood, and hence in brain, has remained unknown, but since brain glucose during ischemia is converted to lactic acid, it was suggested that the augmented lactacidosis in the hyperglycemic rats was the culprit. 14 How the lactacidosis affects brain function in the post-ischemic period and what cellular mechanism it eventually will damage is presently unknown.
To find out whether the delayed EEG appearance is caused by a delayed normalization of ion gradients across cell membranes in brain, we measured [
From the Medical Physiology Department A, the Panum Institute, Blegdamsvej 3, DK-2200 Copenhagen N, Denmark, and the Anesthesia Department, Hvidovre University Hospital, University of Copenhagen, Denmark. and [Ca + + ] e in brain cortex during and after ischemia. We also determined the severity of brain acidosis by simultaneous measurement of extracellular pH during ischemia and ability of the brain to normalize pH after ischemia.
Material and Method

Preparation of Animals
The experiments were performed on male Wistar rats, weighing approximately 350 g. All rats were fasted overnight.
The rats were initially anesthetized with ether and intubated with a steel cannula. Following relaxation with suxamethonium, they were mechanically ventilated with 1% halothane and 35% O, in air. Polyethylene catheters were placed in the femoral artery and vein. The ventilation was adjusted to maintain arterial Pco 2 between 32-40 mm Hg. Rectal temperature was kept at 37°C by a heating lamp. One group of rats received an i.p. injection of 50% solution of glucose (3.5 g kg 1 ) 40-60 minutes before ischemia. Plasma glucose was measured by a glucose oxidase method. 1 Craniotomy. A trephine opening was performed in the left parietal bone and the dura pierced without damaging the underlying pial vessels. Through the slit in the dura, ion-selective microelectrodes were lowered 0.5 mm below the cortical surface by means of a micromanipulator. EEG was recorded from 2 gold-coated screws, inserted bilaterally in the parietal bones 2 mm posterior to the bregma and 2 mm from the midline, against a reference inserted subcutaneously in the tail. The EEG activity was monitored until one hour after the ischemic episode.
Cerebral Ischemia. Ten minutes of cerebral ischemia was achieved by the method described previously. 18 Three minutes prior to ischemia, approximately 50 IU kg" 1 heparin was given intraarterially and halothane administration was discontinued. Arterial blood was slowly removed into a heparinized syringe until mean blood pressure equalled 50 mm Hg. Cerebral ischemia was achieved by compression of neck vessels with a pneumatic cuff, inflated to a pressure of 1 atm. After 10 minutes, the pressure was released and blood reinfused intraarterially within 15-30 seconds. Approximately 5 ng adrenaline was added to the last ml of blood in order to increase mean arterial blood pressure above 100 mm Hg.
Ion-selectire Microelectrodes
Manufacture and use of K + -sensitive microelectrodes has been described elsewhere. 1 In brief, they were made from double-barreled glass micropipettes where the tip of one barrel contained K + -exchanger (Corning 417377) and the reference barrel 150 mM KC1. In case of Ca ++ -electrodes, one tip contained the Ca ++ -exchanger 18 (a generous gift from professor W. Simon, Zflrich, Switzerland). pH electrodes consisted of a single glass pipette with a protruding pH-sensitive glass tip (Hinke-type electrode). The length of the protruding tip was 10-30 pm and the diameter 5 pm.
The response time of the K + and Ca + + electrode was fast (< 1 sec), whereas the pH electrode response time was about 5 sec. The measurements with the pHelectrodes were either performed with an attached reference glass electrode or by using the reference electrode of the Ca + + electrode as common reference. The electrodes were mounted in a manifold (Narishige) and the tips approached within 50 pm. Thus, in 4 normoglycemic and 4 hyperglycemic rats, pH and Ca + + were measured concomitantly, whereas the measurements with K + electrodes were performed on other animals -5 from each group.
The electrodes were connected via an Ag/AgCl connection to high-impedance differential amplifiers with driven shield inputs (input resistance > 10" fi). The common ground, composed of a glass tube filled with 1 M K G solidified in agar and .placed in a skin flap in the head, was connected to the low impedance input. The extracellular potential, V e , of the brain cortex was measured by the reference electrode against the common ground. All results are expressed as means ± SD. Statistical analyses used Student's f-test.
Results
The physiological variables of the rats are shown in table 1.
[K+l. Changes Figure 1 shows the change of [K + ] e in the parietal cortex of a normoglycemic and hyperglycemic rat exposed to 10 minutes of cerebral ischemia. The increase of [K + ] e following the onset of ischemia can be described by a slow rate of rise (phase I) followed by a rapid increase (phase II). The duration of phase I was twice as long in the hyperglycemic rats (206 ± 4 s) as in normoglycemic rats (97 ± 24 s), p < 0.005, in accordance with Hansen. 4 Following the rapid rate of rise, a subsequent slow rise (phase III) elevated the [K + ] e to about 80 mM in both groups ( Changes of V e . Figure 1 shows the change of the extracellular brain potential, V e , (so-called DCpotential) during and after ischemia in the normo-and hyperglycemic rat. It is evident that the change of [K + ] e is reflected in the change of V e . During the rapid rise of [K + ] e (phase II), there is a rapid negative deflection of V e (anoxic depolarization 12 ). V e remains negative until termination of ischemia. Then, after a small positive and a small negative change during phase A, a large positive change is observed, coinciding with the rapid [K + ] e fall (phase B). In the following, phase A will denote the time interval after termination of ischemia until the start of the steep positive change of V e . The time interval during the steep positive change is called phase B. Figure 2 shows pH e in the parietal cortex of a normoglycemic and hyperglycemic rat during and after the ischemic challenge. In the normoglycemic group, there was an immediate fall of pH e after the onset of ischemia. After approximately 2 min, coinciding with the start of phase II, pH e reached a plateau value of about 6.5. Following the ischemic period, pH e stayed unchanged during phase Alasting approximately 2 min -and was then rapidly increased during the next 2 min. The start of this phase coincided with the start of phase B. Hereafter, a slow phase of pH e increase followed, and, after about 20 min, the pre-ischemic level was reached.
In the hyperglycemic rats, the decline of pH 0 after the onset of ischemia was parallel to that of the normoglycemic rats but lasted longer and reached a much lower value (table 2) . Also, in this group the lowest pH e value was attained at time of steep [K + ] e increase. pH e stayed unchanged 2 min after termination of ischemia and showed, as in the normoglycemic rats, a fast increase lasting 2 min. Lastly, a slow phase of pH e increase was seen during the 20 min (table 2), until the pre-ischemic pH e value was reached. Thus, pH e after 5 min in the normoglycemic was 6.84 ±0.17 and 6.52 ± 0.1 in the hyperglycemic rats, and after 15 min was 7.07 ± 0.06 and 6.82 ± 0.08, respectively.
[Ca ++ ]« Changes Figure 3 shows an example of the change of [Ca + + ] e during and after ischemia in the 2 groups. The onset of ischemia was followed by a small but significant in- 
EEG Changes
No gross differences were detected among the 2 groups during the control period ( fig. 4) . After start of the ischemia, the EEG became isoelectric within 10-20 seconds in both groups. The EEG was isoelectric following termination of ischemia during a significantly shorter period in the normal glucose group (15 ± 2 min) than in the high glucose rats (33 ± 10 min). The first sign of EEG activity consisted of a spike activity separated by isoelectrical periods. In both groups, the isoelectric periods became shorter with time. After one hour, the EEG activity of the hyperglycemic group still showed a burst suppression 3.6 ± 0.52 (5) 24.2 ±3.5 (4) 13.3 ±2.6 (4) hyperglycemic group 4.1 ± 0.6 (5) 29.2 ± 6.3 (4) 13.2 ±3.4 (4) pattern while in the normoglycemic group the EEG activity was significantly improved and resembled the pattern of control EEG activity ( fig. 4) .
Discussion
This study has shown that the ability to normalize extracellular ion concentrations in the brain after a period of ischemia is unaffected by hyperglycemia, in contrast to the recovery of EEG activity. 
HYPERGLYCEMIC RAT
Changes During Ischemia
The fact that the glucose content of the brain was increased in hyperglycemic rats" provided an increased capability for anaerobic regeneration of ATP during ischemia, 8 It is a common statement that the low pH encountered during cerebral ischemia is the reason for cellular damage. It has been shown that ischemia in hyperglycemic rats does not affect the recovery of the energy metabolite level in brain, 13 and we can now add that the capability of normalizing extracellular ion concentrations after ischemia is not affected by hyperglycemia, i.e., low pH in brain during ischemia; but the recovery of EEG activity was clearly inferior in this group of rats. The mechanism behind it remains to be identified.
